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Abstract 
Miscanthus giganteus biomass has a very good quality for combustion (similar as a light coal or wood, up to 19.6 MJ/kg dry 
matter) and has positive ecological impact for marginal land that makes this crop suitable as bioenergy resources for small scale 
heating systems. The most important technology to make easily available Miscanthus giganteus feedstock on the market is 
biomass briquetting or pelleting. This study was conducted to determine the capability of mixing Miscanthus giganteus biomass 
with other vegetable biomass (straw, wood sawdust, or other energetic plants) to obtain briquettes and pellets. 
Different characteristics were studied as: percentage of variable biomass mixed with Miscanthus (30%, 50%, 70%), humidity 
variation (wt = 9 – 13%) and quality of final product. The efficient densification process of various biomass plants depends on 
these properties and on used technologies. Combustion properties of mixed biomass briquettes and pellets (ash content and 
composition, calorific values, emissions characteristics) have been determined as well. Results are showing that slag problems 
may be disturbing the combustion process and that the temperature is a critical factor (best results in combustion efficiency are 
above 1000qC). In order to ensure the productivity for making available constantly processed products (briquettes, pellets), 
different heating installations need adjustments to increase the efficiency for mixed biomass combustion. 
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1. Introduction 
The most important objective for efficient biomass exploitation in the rural areas is to develop sustainable 
projects that integrate energy crops within agricultural activities by recovering marginal lands. In this context the 
most sustainable sources of biomass are lignocellulosic crops as Miscanthus giganteus, Arundo donax, sorghum or 
reed grass that can be used for heat and electricity production by direct combustion or by production of biofuel and 
biogas (Jurišiü et al., 2014). In the European policy for rural development provisions oriented on sustainable grow is 
estimated that maximum 30% of potentially available biomass can be used for energy production. Miscanthus 
biomass has a very good quality for combustion (similar as a light coal or wood), thermic value of Miscanthus 
biomass amounts to 9.2-17.7 MJkg-1 (Tomiü et al., 2011). In the last ten years, in the developed countries there were 
completed the technologies and equipments required in manufacturing and efficient burning of briquettes from 
sawdust, straw, Miscanthus, grasses and other forms of biomass. (I. Voicea, 2014). Romanian strategy on biomass 
exploitation for energy (excluding wood products) is in that point where potential of new frameworks will appear in 
order to set up projects for bioenergy production. In this context, this study reveal the opportunities for small scale 
projects based on biomass combustion for heating systems that are sustainable for households and small farms. 
In general, the field technology of this crop demonstrates that the late harvested Miscanthus with no fertilisers 
addition have improved fuel quality, with lower N, Cl, ash contents, alkali index and slightly higher C contents, 
specified by Baxter X.C. et al. (2014). 
2. Materials and methods 
2.1. Materials and equipment used for pressing Miscanthus biomass 
Miscanthus giganteus biomass used in this study was harvested in two locations: Moara Domnească scientific 
farm on a field of 0.5 ha and INMA Bucharest farm on 0.6 ha. This study explains the perspectives of using 
Miscanthus biomass as briquettes or pellets by mixing with other biomass (straw, sawdust, wood chips) for 
sustainable energy resources in small and medium scale heating systems from 30 kWh to 200kWh. 
The Miscanhtus biomass was milled at the particles size of 2 – 50 mm for briquettes, and 2 - 10 mm for pellets 
tests. 
Specific investigations were made to prove and find solutions for briquetting Miscanthus biomass with a screw 
press (China) and further by pelleting with an industrial installation used for agricultural residues (as cereals or 
rapeseed straw) of 300-400 kg/h capacity (figure 1). 
Briquetting tests were conducted with different percentage of Miscanthus biomass varying with wood residues 
particles size and total humidity. Some other tests made with an industrial pelleting machine (300-400 kg/h) were 
run for different percentage of Miscanthus biomass by mixing with straw residues as is detailed in table 1. 
Table 1. Miscanthus biomass blends with specific characteristics of particles size and humidity 
Sample 
no.
Biomass specific  
(% of volume) 
Particle sizes  
(mm) 
Humidity of raw 
materials 
(wt %) 
Briquettes 
B1 Miscanthus 30% 
Wood sawdust 70% 
0.2 – 50  
0.2 – 10  
15.4 % 
B2 Miscanthus 50% + 
Wood sawdust 20% + 
Wood chips 30% 
0.2 – 100  
0.2 – 10  
2 – 50  
13.2 % 
B3 Miscanthus 30% 
Wood sawdust 30% 
Wood chips 40 
0.2 – 50  
0.2 – 10  
2 – 50  
12.4 % 
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Sample 
no.
Biomass specific  
(% of volume) 
Particle sizes  
(mm) 
Humidity of raw 
materials 
(wt %) 
Pellets 
P1 Miscanthus 30% 
Straw70% 
0.2 – 10 
0.2 - 5 
11.4 
P2 Miscanthus 50% 
Straw50% 
0.2 – 10 
0.2 - 5 
10.2 
P3 Miscanthus 70% 
Straw30% 
0.2 – 10 
0.2 - 5 
9.7 
P4 Miscanthus 100% 0.2 - 10 10.5 
 
 
Figure 1. Briquetting the Miscanthus biomass by mixing with wood residues (a) and pelleting with blends 
of straw from cereals and rapeseed (b) 
2.2. Combustion tests of pressed Miscanthus biomass mixed with wood and straw residues 
Afterwards the briquettes and the pellets obtained by mixing Miscanthus with other biomass, were verified for 
combustion properties. The combustion experiments were conducted with INCD – ECOIND (National Institute for 
Research and Development 2015, Bucharest) assistance, in their laboratory, by using specific equipments: an 
Izoperibol bomb calorimeter Model 6200 (figure 2) and a CHNS-O elemental analyser. 
 
 
Figure 2. Bomb calorimeter Model 6200 for combustion characterisation of solid biomass with 
Miscanthus blends 
The pellets and briquettes biomass were prepared at the particles size of 0.2 mm, dimension necessary for the 
following determinations: absorptive humidity, hygroscopic and total humidity, ash content, C, H, S and N contents, 
higher calorific power. 
b a 
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The high calorific power (or gross calorific value - GCV) measures the heat performed by a fuel including the 
latent heat of water vaporisation during combustion process, meanwhile lower calorific power (or net calorific value 
- NCV) is calculated by excluding latent water vapours heat from GCV. 
Water vapours resulting from biomass burning is formed from the hydrogen concentrations and the initial water 
content in the fuel during combustion. Generally, in thermo-energetics the water vapour condensation heat is not 
useful and convenient to relate for heating systems design and operation, which normally are working on lower 
calorific power calculation. Recently, only new heating systems as condensing boilers are using residual heat of flue 
gases to pre-heat the cold water and emerged the use of high calorific values for efficient designs (Voicea et al., 
2014). 
Lower calorific power at constant pressure of original sample (Qi) of a fuel represent the number of heating units 
which would be released by the complete combustion of a mass unit (kilogramme) from the fuel, in oxygen 
atmosphere, at constant pressure and is calculated from the higher calorific power (Qs)with the following formula 
(SR ISO 1928 -2009): 
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where: 
x CH and CO2 are the percentages of hydrogen and oxygen content in the biomass fuel; 
x Wti, Wa are moisture percentages of the initial mass, respectively of analysis` mass; 
x Coefficients 212, 0.8 and 24.5 take into account water and water vapor heat mass, respectively the latent heat 
mass of water vaporization (expressed in SI units).
2.3. Burning tests of Miscanthus 100% pellets
Following the combustion tests done in laboratory there were run burning demonstration tests of Miscanthus 
100% pellets in an automatized heating system (EcoHORNET) by incineration processes (temperature § 1000qC), 
installation that achieves the complete burning of pellets and is presented in figure 3. The efficiency of thermal 
energy recovery from this heating systems is 93-96%, comparing with dry wood gasifier (72-78%) or natural gas 
heating systems (85-90%). Residual gas emissions were analysed by an equipment integrated in the automatic 
system. The lower calorific power and the emissions rates (CO2, NO, NOx) of Miscanthus pellets were determined 
for 11% water content (total humidity). 
Figure 3. Miscanthus pellets burning tests in the EcoHORNET installation
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3. Results and discussions 
3.1. Briquettes characterisation 
For the briquettes blends it was used wood residues, which are more suitable for this type of pressing machine 
(China model), because of higher content of lignin, that give the cohesion of matter. 
In the case of briquetting process with the mechanical screw press that we used for experimental tests, there were 
difficulties in order to establish the right moisture and the particle size of biomass. Good results for qualitative 
briquettes were obtained when the biomass humidity varied between 9 to 15 % and Miscanthus percentage in 
biomass blends was 30%, 50% and 70%. 
Briquetting is a multiple-characteristics pressing process depending on different aspects. Miscanthus biomass has 
good pressing properties tested in hydraulic press (Plíštil D. et al., 2004). In the case of mechanical screw press, 
which was used for these experiments, the behavior of Miscanthus materials had specific particularities. Best 
pressing results for Miscanthus briquettes were obtained using blends of 50% Miscanthus and 50% wood residues 
(sawdust and wood chips). 
3.2. Pellets characterisation 
The pelletizing process functioned in normal conditions and by adding Miscanthus biomass gradually in 
concentration of 30%, 50% and 70% from the mass content, it was observed that pelletizing process is a great 
pressing method for this crop. 
In this case it was also tested concentration of 100% Miscanthus biomass for pellets production and the results 
were surprising. The quality of 100% Miscanhus pellets is good, comparing with the quality of blends with other 
agricultural residues as cereals straw, where the pellet structure was weaker. 
3.3. Combustion properties  
Combustion properties of tested blends of Miscanthus are presented in the table 2, where CHNS elemental 
contents, water content, ash content, HCV (Qs) and NCV (Qi) mark the successful results of Miscanthus blends for 
pressed biomass (briquettes and pellets). 
Table 2. Combustion properties for tested Miscanthus briquettes (with wood content) and pellets (with straw content) 
Probe number/ 
Percentage  
of  
Miscanthus
(M) 
Ash
content 
wt.1
% dm2
Water content Carbon 
wt.%  
dm 
Hidrogen
wt.%  
dm 
Nitrogen  
wt.%  
dm 
Sulphur 
wt.%  
dm 
Qs
kcal/kg  
dm 
Qi
kcal/kg 
dm 
Qi
kJ/kg  
dm Wt
i
(Total 
humidy) 
wt.-% 
Wha
(Hygroscopic 
humidity)  
wt.-% 
B1 –M 30% 2.44 3.88 3.88 47.5 5.65 0.283 0.17 4 610 4 291 17 967 
B2 – M 50%  3.3 4.2 4.2 48.4 4.9 0.292 ND3 4 580 4 273 17 720 
B3 – M30% 2.3 3.92 3.92 48.36 5.66 0.301 0.2 4 500 4 181 17 503 
P1 – M30% 6.38 6.68 6.68 41.46 5.24 1.14 ND 4 064 3 750 15 702 
P2 – M50% 5.11 6.97 6.97 46.53 6.24 1.23 ND 4 137 3 769 15 781 
P3 – M70% 5.02 7.05 7.05 45.28 6.0 1.2 ND 4 200 3 842 16 087 
P4 – M100% 2.89 7.29 7.29 43.46 5.4 1.02 0.15 4 237 3 912 16 379 
1wt. = weight, 2dm = dry matter basis, 3ND = not detectable. 
 
The lower calorific power (NCV) of briquettes is higher than that of the pellets, because wood has higher NVC 
than straw. Similar results for combustion characterisation are revealed by Kristöfel C., 2012 for Austrian heating 
systems (200 kW), lower calorific power of 17 700 KJ/kg and ash content of 3.1% (Daraban Oros A.E., 2015). 
Higher content of carbon and hydrogen relates with higher NVC, calorific value that is important for traditional 
543 Ana Elisabeta Daraban (Oros) et al. /  Agriculture and Agricultural Science Procedia  6 ( 2015 )  538 – 544 
heating systems from households and small farms. The ash content increases when Miscanthus blends has higher 
concentration of straw, therefore ash specific adjustment for collection from the combustion chamber of heating 
systems are needed in this case. 
Consequently, in figure 4 it is illustrated that lower calorific power variations of Miscanthus briquettes and 
pellets depend on Miscanthus percentage and the residual biomass added. 
 
 
Figure 4. Lower calorific power variation of Miscanthus blends with wood (briquettes) and straw (pellets)  
On the basis of testing Miscanthus 100% pellets in an high efficient heating systems by incineration at 
approximately 1000qC, the lower calorific power (or NCV) had good value of Qi = 4 050 kcal/kg (humidity 11%) 
and the residual gas emissions results were: CO - 60 mg/m3, NO - 196 mg/m3, NOx - 310 mg/m3, CO2 - 13,2% (no 
SO2 emission values due to the low or not detectable sulphur content in the biomass). 
3.4. Conclusion 
Investigations made to prove efficiency of Miscanthus blends heating properties, indicate that the actual potential 
for energy production from renewable sources in Romania is good, and Miscanthus is one of the best quality crop 
for energy production that was studied for intensive cultivation. Following the experimental tests made, the actual 
results showed that energy crops are suitable to be mixed with other biomass (wood or agricultural residues), in 
order to provide locally sustainable products (briquettes and pellets) as solid biofuel for small scale heating systems. 
Having this approach, Miscanthus is an optimal selection to marginal land recovery and for agro-ecological 
development of rural areas. Along with profitability calculation, it is estimated that the energy production based on 
Miscanthus cultivation will also contribute to the agriculture`s multi-functionality. 
This represents a great potential for Miscanthus crops to be integrated and accepted as sustainable biomass as 
solid fuel feedstock for household and small farm heating systems as well as for large combustion and power plants 
(CHP). 
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It is expected that the use of energy crops for rural development will probably differ in various regions depending 
on multiple factors related with the agro-climatic conditions, land availability, people awareness for bioenergy and 
funding opportunities. 
Acknowledgements 
This research work was carried under the frame of European Social Fund, Human Resourced Development 
Operational Programme 2007-2013, project no. POSDRU/159/1.5/S132765. 
 
References: 
Baxter, X.C et al., 2014. Miscanthus combustion properties and variations with Miscanthus agronomy, Fuel – 117 (A). Elsevier Publisher, 851–
869. 
INCD – ECOIND. Department of Pollution Control, Combustion analysis for Miscanthus blends with other agricultural biomass, February 2015 
Reports. 
Jurišiü, V., Bilandžija, N., Kriüka, T. et al., 2014. Fuel Properties’ Comparison of Allochthonous Miscanthus x giganteus and Autochthonous 
Arundo donax L.: a Study Case in Croatia. Agriculturae Conspectus Scientificus, 79 (1), 7-11. 
Kristöfel, C, Wopienka, E., 2012 – MixBioPells - Cost analysis Report 2012 WP2/D2.5, IEE/09/758/SI2.558286 
https://www.mixbiopells.eu/fileadmin/user_upload/WP2/D2_4_costanalysis_report_final_3.pdf. 
Lixandru, B., Dragomir, N., Morariu, F., Popa, M. et al., 2013 - Researches regarding the adaptation process of the species Miscanthus giganteus 
under the conditions of fly ash deposit from Utvin, Timis County, Scientific Papers: Animal Science and Biotechnologies, 46(1), 199-203. 
Daraban Oros, A.E., Jurcoane, S., Voicea, I., 2015. Miscanthus giganteus – an overview about sustainable energy resource for household and 
small farms heating systems, Romanian Biotechnology Letter, 20(3), 10369-10380. 
Plíštil, D., Brožek, M., MalaĢák, J., Heneman, P., 2004 - Heating briquettes from energy crops, Agriculture Journal, 50(4), 136–139. 
SR ISO 1928:2009. Solid mineral fuels. Determination of upper calorific power by the bomb calorimetrical method and calculation of the lower 
calorific power. 
Tomiü, F., Kricka, T., Matic, S., Simunic, I., et al., 2011. Potentials for biofuel production in Croatia, with respect to the provisions set out by the 
European Union. Journal Environ Protect Ecol. 12(3), 1121-1131. 
Voicea, I., Voicu, G., Vladut, V.et al., 2014. Experimental research on the determination of the lower calorific power of the Miscanthus 
briquettes compared with that of the sawdust briquettes, Proceedings of the 3rd International Conference on Thermal Equipment, Renewable 
Energy and Rural Development. Mamaia, Politehnica Press, 331-336. 
 
